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(54) METHOD OF FORMING SILICON NITRIDE THIN FILM OR SILICON OXIDE NITRIDE GATE DIELECTRIC 
(57)Abstract: 

PROBLEM TO BE SOLVED: To form a gate insulation layer to 
contain scarcely hydrogen therein, by so exposing an oxygen 
containing layer formed on a semiconductor substrate to a 
plasma containing nitrogen as to entrap nitrogen in the oxygen 
containing layer. 

SOLUTION: A gate insulation layer 14 comprising an oxygen 
containing layer of 10 to 150 in thickness is formed on a 
semiconductor substrate 1 2. Then, the gate insulation layer 1 4 is 
so exposed to a plasma with nitrogen containing substances 
entrapped therein that the ionized substances are implanted in 
the surface of the layer 14 acceleratedly at a plasma potential 
without applying any bias voltage to the semiconductor 
substrate 1 2. As a result, nitrogen is entrapped in the gate 
insulation layer 14 or a nitride layer is formed in the surface 
portion of the substrate 12. Thereby, it is possible to make the 
gate insulation layer 14 scarcely contain hydrogen, and 
therefore, there can be realized a film which has the advantage 
of the electrical characteristic of an oxide film too, as utilizing 
actively the advantage of the barrier characteristic of a nitride 
film. 



If 



LEGAL. STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of applicatidlj^other than the 
examiner's decision of rejection or application 
converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's decision of 
rejection] 

[Date of requesting appeal against examiner's decision 
of rejection] 

[Date of extinction of right] 

Copyright (C); 1 998,2003 Japan Patent Office 



http://www1 .ipdl jpo.go jp/PA1 /result/detaif/main/wAAAa29704DA41 01 731 87P7.htm 



2003/06/10 



(19)B*H&fW (JP) 



«2> & m 4$ fF & (A> 



#^10-173187 

(43)^BBH ¥^10^(1998) 6A26B 



(BDlntCT 
H0 1L 29/78 
21/318 



F I 

H O 1 L 29/78 
21/318 



3 0 1G 
C 



(21)tH8I#* 


*HS¥9-335805 


(71)fflKA 


590000879 










(22) tBB3 B 


¥J« 9 ¥(1997)123 5 0 














(31>flBfe8BiB#*§ 


0 3 5 3 7 5 




•fe>K9;tOC>*X:/l'X?X-f 13500 


<32)ffi3fcH 


199&£12£ 5 B 








*H (US) 












> 5/—^— . 8400 
























>h H9-f^ 2403 






(74)ft3ffiA 













(54> ism<D®m m&&{m%3i7ttmtt&KM&y- h&mfrom&ttm 



(57) [g^] 



b 



. - 

-—i s 



c 



x. Wi&tf ■■ *mtmfottmmu mmmt 1 o©s 
=t LxrniEm^^m^^M^iszfyx^icm lx. 

[0001] 10 

[0002] 

C0003] c.ti*><DT$m*mmt2> 1 oora*. m 
<vmzr-hmmimtLx®m?%tx>&5o mt 

u %ttmommictti,x£K>M\,^mzmffii,x^ 30 
mmt Lxrni&v&temivmmzm&tzrcibic 
[0004] mm%.mvmm t 

tifco ccomm^lt^jL-y Y-miS^t (J VD : Jet va 
parDepcsiticn) t^Cftl-So >7 x • "7 * > (xie 
-wenW&ng) ^fiSfCfcS, i'x 'V h^^^T-iajg^ 40 

nfcBrtia^ftsssasa. jpn. j. appl. ph 

YS. . #3 4, ^9 5 5-9 5 8 (1 9 9 5*) 

v^i-y h^i77?W5i9C7X^u fit 



) t$Tf8¥ 10-173187 

saflWKffiiittatef t ^ c t •> x -7 

r (Wtff 2 0-3 0-fe:/?- (8-1 ^z7 
[0 0 0 5] WtWH^SKWira^M**^*— # 

&y— h&fbBJ©* lc«A£-£-5fca6Kti 1 0 0 0g£r 

yi^ttrto^-v >jT±©^tcBra-r^^>^7x— x 

[0 0 0 6] fOffiOgtGM^*tftt£*vr«T439. 
flSo XX • TV • '^SiJ-TJ— (s.V.HattangatV) 
66 Jfcpl.Riyr.Lett. 3 4 9 5 (1 99 5*6H 1 9 

s) #aa> cosasxeti^y- hw>^7i- 

(3o»tett) oi«imisi/^r4->att2:'f4->7^ 

v?x<o®mimzm^x\ t ^ a &-4*zsw&is&.xjr-< 

Sfc-rSKtifi^K (l 0-6 0#gg) ^TfeSo 

[0 0 0 7] Lfc*^T*^W<D 1 -0<DSmt. Mttty 
[0008] 

OlDSE0iJ^ffiffl-r 5 c i: tc <fc D . BWIfMftWS t A,if?K 



3 

mZ'gtsVm.T-ffiliiZtlZ ■■ Nz, NHa , NO. Nz 

co o o 9] *ftwwm<DnmuY-hmmtmo>±. 
*%ts : ¥-m&mm:mit*z>. commt i ooss 

xttmc&^x. ?— bmrnmimm^mxstircmm 

c ommmzmi-* % ctx\ y-b Mm#mitm&i<. 
^^^xoicta^ a timicccommfcmits i 
o* mx&zfr*rcitmtm<mmx>&% 0 
[ooio] *^mm(D$mmit**'^>2gmt&t 20 

[00 11] 

-zHommittrpiAcfroo ffimmmomuiY-bmm 
tzct fcHtfcSo vcf<Dm&&7- bmmtomvmm 

. [0012JB1, 2, *sJ:tf3 aMCf(c04 a«Q588 

*#p.?r£i:. mm 1 4f)*m<mmi 2 (cm**? 

tf^^'>-v;i/->un>g) to±tc^fig^n§ 0 amicus 
mm 1 4 « 1 o^e. 1 5 ojis^k^-ws [$micm so 



) t$P?3¥ 10-173187 

4 

mi (stcwjgtctt, 1 ofr<b8 0Bz<Dmmm — 

tl*^T^-5o C O^T7 -fttm 4 a ©7a y ^ 5 0 2 
2WS-f3o 02fc<fct®4 a«DX7 L y^ , 5 0 4*#P.a-r 
-Si, l&iJf 1 4*V/^;CTtCl@£ftT:}3D, CtltCti 

tt, Nz . NHs , NO. Nz 0&fc&£tlP><om&®> 

imsmic a 2 o * ;u h so) T-*n52# nxmmM<n 
5„ RtftfiStcti. xf-yys 0 4 

ti^Toia^^TMT^ns : mmimmzi* 1 o 

fr5 1 5 0J?£T*&$ : ^X-7SBS»i«JJ:^- 1x10 
lxlO l2 cm ; gfgtt lA^S 100 s 

c c mSg-efeS ; tmRJlltWmc l *>e> 5 0 mT o 
r rggT?^5 : i&g{±$?3§K 7 0*->6 9 0 0 K<OSSB 

: S« »i7r) /vrTXf±o*>p»5 0^Uh 
Sfire&s ; *fcSW<o^t± i *»6 6 ou«okt*^ 

[0 0 13] S3 a (iX-r^y 5 0 4(D^I*^-r 

^{4$e»8i 4©cf»cffl*iisnso ccjssftii 

4©S i/N/OSB2 0*i<fctfl!l 4©S i /O/NBP 
1 8T-a5*o $fig»Cg|5#2 0«»WiSl»jb^«* 

±iei5. sp^2 o <D$>T*itmm (fe* p. < i^jc 
a»i 8ttgp»2 o £ingmve&-oTt>mt> 

^i 8itttmmft%s i oi «*5SLT^rt^* 

mmtfi&z%isx'®i£iEnx^xt>mt>%*\ mazti 
zmk<Dmi*wm:m&mcm??%<DX\ cne^M 

[0 0 14] MtC, SKJ- 1 8 1 2 0£>Ra<Djggfcit;io£ 

OLT^^-r, mmmicMLxmmtf-i^x^Zo c 
ntf^t>5 «fc ^ tc, gp» 1 8 1 2 o tv>m<»s®%mm 
tmfrx-tbzfrg. rct,*%mm<z>w& (03 c i 
9) xtmwfzc £*>&&. ctiit^-rm^omnm 
msm&ft (gp#i 8*5«tD*2o) tc^^nri/^o 

HJcffffltc«03 cO*»J^fbSfb^Si5^i 8. (J 



( 

5 

[0015)01, 2. $s£Xf3 a, MtffC04 bO* 

mizmMtzt. v- vmm. 1 4 1 2 

OBitc •> U 3 VSffiS felt -> 'J n >St£<Z>±fc3j£S 

^rffifflLT0fi)t^n«o ftfiSfc, y-M&ji#I 4«1 
0*^200 OEfcgHncfd: 1 0*>e>80, totWii 

tea 1 oa^4 5) »*<on&fiE«s i o* m. *i»£ft 

02*5<fcCf04 b(D*"rv75 0 3&g 
mtZt, *x:7rtfgig#W:/5Xv»cf®2ft5o W 
jSfcco^XVtiiS&gr/^Xv afHttcMJ=i>% 

y-7xv-e*>#sfc>&<<\) -c&o, ^^Wi^«N2 . n 

Hs . NO, N* 0*/c:{iCtie)<Oig^R?*5„ ">x 
^rfc^m/Wrx (iiBigKO-SOOtfrt/h) «*♦ 

cttU¥4M4K&l 20-g|5i:LTJBBK?ti5. 

/I 1 4 (C*U±03 b«DJ!2 4 £ LT#«g2*V5) t±f> 

fttt^taKtflKf^ns^ §P5W<jk:m»f*nTS2 
04 box^yysos^gflisnsieaig^ 

f±T£<oaOT*&3 : m&toBZltiS&Z 1 0*>6 8 0 30 
JP* G^fcfcJ^Ocojp;*) ;^7XvMB6i 
fixi o ,0 fr£ i x l o i! cm J : SSSfflfcfc&J:-*- 
1 1 00 s c cm ; 5QJ!E*J{ifc<fc*-4niTo r 
r :Sg(ifc«i:*3 00K : WR »x77) '/V7X 
(ifecfc^-O^e. 5 0 0#;H- ; *LT^XV'M8-rm 
Rfltt&J:* 1 - 6 0#T*^So 
[0 0 16] 04 a<DX-r-y:/5Q4i3<fctf04 bOX 
^•yrS0 3t0M#tC^^T, a#E^CTX, ^XV 

arr «>wcis tTfwawsi us *>/«hi us »>-r * 

[0 0 17) **ji§mTKcov--rn*«fi)c-r5fc4i> 



) ¥fffi¥ 10-173187 

fig^n/cy- h$&m*ti o . 1 ^ e> 5 7 g>fli?stt*<D 
[0018] msfrzmsitm&fkoyj&zmmLxB 

6 ommv^M *>mmfttim (s ims) ##tt 
m^tifcr— $%miLrct><DX'&z> •. y^x-rmtut 

2 0 0 0 W m®m.^V n >75^y^Xv) ; 
TXttO "7-y h : tfXSftftti 1 0 0 s c c m<D%M : Jf 
21E^{±4 mT o r r : ZLXf^Xrf&mmffllt 1 1 
05 (i«±^S/^ >2 7 i-xgpto^igigA*^ 

-r. 0 6 tiWT^^T'gffc^n/c 6 o mm<oM=m 
m§£=x.'(*>KMwm (s ims) ftmvmztirc 

T— #*WjkLrct><DV&Z ■■ -f^x^wtiit 2 0 0 0 
W GIS&fi'V; 3 ^TaiC^XT) ; Ifi/W7X« 0 
^XSiMtt 1 0 0 s c c : mBEEtUt 

4mTo r r ; ^X^Xy'yX^mmmtZ 0# o 06 
»iSJigp*5 J: tfHESP-f v*7i -XgiW^ig A** 
■To 0 7 {iJ^TO^T'SftStlfc 3 5 »fb*DZ3M' 
*>ffl«^#rlt (S IMS) ^Tftenfcf 1 -^^ 
*L/'c ! 6><DT , 3&S : ^X*vtt^jti 2 0 0 0W (iifffiS 
'N'J 3>73^^Xv) : SfiytYTXJi 10 077 b 
(13. 5 6 MHz) ; tfXSStBti 1 0 0 s c c m©§ 
m ; ^iaJE/jti 4 mT o r r ; ^LTT^XTSffiBffij! 

« 6 o # 0 0 7 im<o®XK®L'jm<Dm&:®i,rcmt 
mmftmft cs ims) ftmTmc>nrcT-*zm*L 

fcfeOT**^ : y^Xvttfrfci 2 0 0 0 W (^SBS^U 
Xj5ifi*i 1 0 0 s c c mtD^M : ^iaEE^Jtt 4 mT o r 

r ; =tLxzf^x^nmmmtt i o^„ 
[ooi9] wmi**wfi<DW&<D3mm*wim 
t>\ ctub ittzmnwrnzmit? set l rc t 

[0020] ( i ) mftiraBrirr s rdb<oy5mxs> 

x. m?mwii!!gmk^m<Dmcux$tiz>fr£rc 

[0021] (2) m i -mzmoyj&icm^x. mm 
[0 0 2 2] o) m i j«ia«o77^cs*^T, Mte^ 



C0023] ( 4 ) m i mzm<D75mct&\, >t. mm 

[oo24] (5 ) it? i smdM.co?jmc.m^T. mm 

[0025] (6) m i mzm<D?n£icm^T. imz? 

[0026] (7) m i mzm<D7imicm*T. mmm 

[0027] (8) mimdMoftmci&^T. msm. 

jgjgtiFNz , NH.i , NO, Nz Osteite tli=><om^ 

[0028] ( 9 ) y- h s§«f*«<o±icg&»£ nfc m 

It l ooas^L ; 63!B¥igttSfficD±fc:Sgg$*rJl 
[0 0 2 9] (1 0) » QTOKOSffifcK^T, mifB 

mm.?- bm&fi K-ey^nftw B ->'j3^ 
[0030] (10 m9Jmeffi(o?5&ici£^-c. mm 

[003 1] (12) £9J|iSaiWX£8*:fi^T, tt£ io 

[0 0 3 2] (13)^1 29!GMQ!«ttfCftHvT\ ffi 

esMfM^s i oz jres«tte#&. 

[0 0 3 3] (14) ^9^l5tt«0^ffifC^>T, ffHB 

[0 0 3 4] (15) *+'^>*mmw%:&irz* j r'* 

[0035] (16) *£9§4) 1 OOUffiBtflJtiSfBWi 



) ftffif- 10-173187 

^*d&:JNW*a« (StSl 2) «MWS. COS 

1 ooiessrfrr* : gsft^ra (a 1 4) 

(T^Xv 1 6) tcB§U SJKtfttXdttJIlca 

A£ti5fr (SBf 1 8, 1 9, *5.J:tf2 0#8H) $fc»± 

gft^iJi^s^ossgp (na«E2 2) ic&mtz* 

&tM:5lctfl*«. ^tc^#*HtiS i Oz ST** 
gffSSt&WX^KgA^T^^ty^X^tfJg 

^ns„ mmmitimic. n 2 . nh 3 , no. nz 

T I $r— X**» 
60/019,429 1996^7^6B 
TI-23502P 

[0 1 ] 0 1 HflBS3tifc¥«flC7*'Vi' XOBrffiS, 
[02] 02ttSfig*tlfc^fl:f ? ^-l'X«D»fffia 

[0 3 ] 0 3 «*^W<D 1 ooxMfflKo^&gBbi* U 

[04] 04»i*^g*O2O(O*fi(5&l|<D?S^0^-rS 
[0 5 ] 0 5 lt*m*D?Sm*m^TBf&£W-c>f- h 

[0 6 ] 0 6 vtjbbr* n/-=y- h 

sia«®rt«oss^i:^©fi*0^-rs ^ y 0 

[07] 07tt*5IW<D^«:ffl^T}gfiR*nrcy-h 

[0 8 ] 0 8 t&&moin&tm^Tmiit& wz?- v 

1 2 

14 lemie 

1 6 y^xv 

is mcMm 

19 «s« 

20 sibnsrcttSHUKfbNr 

22 w&mm 

2 4 



( 6 ) 



*SBB¥ 10-173187 



[01] 



i r i 



C03] 



■ -2A 



a 



- n 



C 



CB4] 
<3>\ 



5« + 



fi>g»Wl«4 OF 



(A 



1 



5>5 - 



b 



( 7 ) 



f#F»I¥ 10-173187 



[135] 




40 60 80 

Beptfr (A) 



[06] 




0 40 80 120 160 200 
-Pep th ( A n gslcoros)- 



nmW- 10-173187 




100 150 
0Crn\ (anttJt p o ij- 



0.0 
200 



EfBB¥ 10-173187 



[138] 




Depth (Ang stroms} 



V — X^CC^. 2827 



